We update our 2006-2007 results for FCNC processes in the Littlest Higgs model with T-parity (LHT). The removal of the logarithmic UV cutoff dependence in our previous results through a new contribution to the Z 0 -penguin diagrams identified by Goto et al. and del Aguila et al., while making the deviations from the SM expectations in the quark sector less spectacular, still allows for sizable new physics effects in K → πνν and K L → π 0 + − decays and in the CP-asymmetry S ψφ with the latter unaffected by the new contribution. We extend our analysis by a study of the fine-tuning required to fit the data on ε K and by the inclusion of the decay K L → µ + µ − . A number of correlations can distinguish this model from the custodially protected Randall-Sundrum model analysed recently. We also reconsider lepton flavour violating decays, including now a discussion of finetuning. While the i → j γ decays are unaffected by the removal of the logarithmic cutoff dependence, the branching ratios for decays with three leptons in the final state, like µ → 3e are lowered by almost an order of magnitude. In spite of this, the pattern of lepton flavour violation in the LHT model can still be distinguished from the one in supersymmetric models.
Introduction
The most extensive studies of FCNC processes beyond the framework of minimal flavour violation (MFV) [1] [2] [3] [4] [5] are at present performed in models that address the question of stability of the Higgs mass under radiative corrections. The most popular approaches in this context are the general MSSM (GMSSM) [6] [7] [8] , Randall-Sundrum (RS) models [9] with bulk fields [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and the Littlest Higgs model [20] [21] [22] [23] [24] with T-parity (LHT) [25] [26] [27] . In these models large, or even spectacular deviations from the Standard Model (SM) predictions are still possible while satisfying all existing constraints from quark flavour and lepton flavour violating processes.
As flavour physics is entering the era of precision tests and the LHC will soon provide new data on very high energy collisions it is realistic to expect that within the next decade we will find out whether any of these New Physics (NP) scenarios is chosen by nature and whether large deviations from the SM and MFV expectations as predicted in these models are observed in the data.
Among the three non-MFV scenarios in question the LHT model is rather special for the following reasons:
• It contains the smallest number of new parameters in the flavour sector: 10 in the quark sector [28] to be compared to 63 in the GMSSM and 27 in the simplest RS models with bulk fermions [29] .
• Only SM operators are relevant in this model [30, 31] in contrast to the GMSSM and RS models in which new effective operators can have significant impact and bring in new hadronic uncertainties [32] [33] [34] [35] .
• The LHT scale can be as low as f = 500 GeV [36] , in contrast to RS models, where electroweak (EW) precision tests even in models with custodial protection [37] [38] [39] [40] require M KK ≥ (2 − 3) TeV [41, 42] .
• The constraints from B → X s γ and d n are easily satisfied [30] , while these observables put severe constraints on the GMSSM and RS models [29, 43] .
• New sources of flavour and CP violation in the quark sector are fully encoded in two 3 × 3 unitary matrices V Hd and V Hu that are related to each other through V Hu = V Hd V † CKM [28, 44] , implying thereby correlations between FCNC processes in the down-quark and up-quark sectors [45, 46] .
In a series of papers we have performed an extensive study of particle-antiparticle mixing [30, 47] , rare K and B decays [31] , lepton flavour violating (LFV) processes [48] , ε /ε [49] and D 0 −D 0 mixing [46, 50] . Selected reviews of these investigations can be found in [51] [52] [53] .
The main goal of the present paper is an update of our results for rare K and B decays and LFV processes. D 0 −D 0 mixing and CP violation in D decays have been considered in a separate publication [46] . The main reason for this update is the fact that in our previous papers we have overlooked an O(v 2 /f 2 ) contribution to the Z 0 -penguin diagrams. This contribution has been identified by Goto et al. [54] in the context of their study of the K → πνν decays in the LHT model, and independently by del Aguila et al. [55] in the context of the corresponding analysis of the LFV decays µ → eγ and µ → 3e. At the same time, these authors have confirmed our calculations except for the omission mentioned above.
The main virtue of the new contribution is the cancellation of the logarithmic UVcutoff dependence present in our results. Such cutoff dependence is characteristic for models like the LHT in which the UV completion has not been specified, and in fact such a sensitivity is present in the LH model without T parity [56] . However, it turns out that in the LHT model the logarithmic UV cutoff dependence is absent at O(
making the predictions in this model much less sensitive to the physics at the UV cutoff scale of this model. It should be emphasised at this stage that all the decays considered by us that do not receive Z 0 -penguin contributions are unaffected by these modifications. Thus our formulae for particle-antiparticle mixing observables and branching ratios for B → X s γ and i → j γ decays remain intact. Our paper is organised as follows. In Section 2 we summarise briefly what is new in our paper. The corrected Feynman rules of [31] implied by the findings of [54, 55] are collected in Appendix A. In Section 3 we present the formula for LHT contributions to the decay K L → µ + µ − that we did not consider in our previous papers. In Section 4 we collect the input parameters and describe our strategy for the numerical analysis. In Section 5 the new results for the quark sector are presented. The corresponding results for LFV processes are collected in Section 6, extended by a discussion of the necessary fine-tuning in µ → eγ and µ → 3e. We close our paper with a brief summary of our results and with an outlook.
What's New in Our Analysis
On the theoretical side, as already advertised in the Introduction, in our previous papers that involved Z-penguin contributions, we have omitted an O(v 2 /f 2 ) correction to some of the vertices with right-handed mirror fermions. This correction has first been pointed out by Goto et al. [54] and subsequently by del Aguila et al. [55] , and we confirm their result. As these authors discuss the origin of this additional term in detail, we will not repeat this discussion here. The corrected Feynman rules of [31] implied by the findings of [54, 55] are collected in Appendix A.
In the process of updating our analysis we have also modified the U (1) i charges of the lepton multiplets in agreement with the charge assignments adopted in [54] . This modification allows to implement the lepton sector in analogy to the quark sector, while its impact on our previous results is numerically irrelevant.
Concerning phenomenology, in addition to the update of the most interesting observables, we will analyse the degree of fine-tuning necessary to satisfy the constraints from ε K and the µ → eγ decay. We also extend our analysis to include the decay K L → µ + µ − which exhibits an interesting correlation with K + → π + νν that differs from the one found in the RS model with custodial protection [35] . Throughout this paper we use the notations and conventions of our previous LHT analyses. For a detailed model description we refer the reader to [31] . The formulae used by us are the ones contained in our previous papers on the LHT model modified appropriately as outlined in the Appendix.
In the present analysis we add the K L → µ + µ − decay to the discussion of rare decays in the LHT model. This mode offers another interesting possibility to probe the NP flavour structure. Analytic expressions for the short distance (SD) contribution can easily be obtained from Section 4.4 of [35] . In the LHT model, following [35, 57] , we thus have (λ = 0.226)
The expression for the loop function [31] by introducing the correction outlined in Appendix A. In addition we have defined
with P c (Y K ) = 0.113 ± 0.017 [58] . Here −β and −β s are the phases of V td and −V ts , respectively. In contrast to the remaining decays discussed in this paper and in [31] , the SD contribution calculated here is only a part of a dispersive contribution to
is by far dominated by the absorptive contribution with two internal photon exchanges. Consequently the SD contribution constitutes only a small fraction of the branching ratio. Moreover, because of long distance contributions to the dispersive part of
the extraction of the SD part from the data is subject to considerable uncertainties. The most recent estimate gives [59] Br( 4) to be compared with (0.8 ± 0.1) · 10 −9 in the SM [58] .
4 Numerical Analysis 
Br(µ → eγ) < 1.2 · 10 −11 [71] R(µTi → eTi) < 4.3 · 10 −12 [72] Br(µ − → e − e + e − ) < 1.0 · 10 −12 [73] The main purpose of the present flavour physics analysis is to identify the most evident LHT effects in both the quark and lepton sectors and, in particular, to study how our predictions of refs. [31, 47, 48] are modified by the inclusion of the previously missed O(v 2 /f 2 ) contribution to Z 0 -penguin diagrams. This analysis also gives us the opportunity to update some of the input parameters, collected in Table 1 together with the experimental constraints. The input parameters are taken to be flatly distributed within their 1σ ranges, whereas the quark flavour observables ε K , ∆M d , ∆M s and S ψK S , resulting from SM and LHT contributions, are required to lie within their experimental 1σ ranges, also shown in Table 1 . In the case of ∆M K where the theoretical uncertainty is large due to poorly known long-distance contributions, we allow the generated value to lie within ±30% of the experimental central value. For the lepton sector, the experimental constraints used in the analysis are the upper bounds shown in Table 1 . All formulae for the observables used as constraints which were not discussed in the present paper can be found in our previous works [30, 31, 47, 48] , with suitably corrected Z 0 -penguin contributions and adapted leptonic U (1) i charges following Appendix A.
As we are interested in pointing out potentially visible LHT effects, we do not consider specific scenarios for the LHT parameters, while we perform a general scan over the mirror fermion masses and the parameters of the mixing matrices V Hd and V H , with the NP scale f fixed to 1 TeV and the mixing parameter of the T-even top Yukawa sector x L to 0.5, in agreement with EW precision tests. In the quark sector a large number of points is generated where mirror quark masses are varied in the interval [300 GeV,1 TeV], all angles of the V Hd matrix in the interval [0, π/2], the phases between 0 and 2π and all SM input parameters are varied in their 1σ ranges. In the plots related to K and B physics we then show a sample of 9000 points that are consistent with all available ∆F = 2 constraints, as described above. We do not specifically filter for "interesting" points, therefore the point density gives us an idea of how likely it is for the LHT model to generate a certain effect. The black point in the figures displays the SM predictions, while the light blue point originates from only the T-even contribution.
For the study of LFV effects, we vary the mirror lepton masses in the interval [300 GeV,1.5 TeV] and the V H angles and phases in the ranges [0, π/2] and [0, 2π], respectively. In order to get a notion of what size of LFV effects can naturally be expected in the LHT model we show, following [34] , density plots rather than scatter plots. The number of parameter points is large in the light orange areas, while it is small in the dark purple regions. In contrast to the quark sector the number of LFV decays for which useful experimental constraints exist is rather limited. Basically only the constraints on Br(µ → eγ), Br(µ − → e − e + e − ) and R(µTi → eTi) given in Table 1 can be used. The situation may change significantly in the coming years and the next decade mainly thanks to the measurements expected at the MEG and J-PARC experiments, at the LHC and possibly at a SuperB factory. At present, with the available experimental upper bounds largely above the SM predictions, it is interesting to investigate how much the LHT effects in LFV observables can be enhanced by a smaller NP scale. Therefore, we also perform a general scan with the NP scale set to f = 500 GeV, that is approximately the smallest value still allowed by EW precision tests.
Results for Rare K and B Decays
As mentioned in the Introduction, all the decays that do not receive Z 0 -penguin contributions are unaffected by the O(v 2 /f 2 ) contribution pointed out in [54, 55] . Thus, in particular our LHT predictions for particle-antiparticle mixing and for the branching ratio of the B → X s γ decay do not require to be revised. Here we aim to present the results obtained for rare kaon and B meson decays by including that
Before turning our attention to the updated predictions for rare K and B decays, we first address the question how naturally the existing ∆F = 2 data can be fulfilled in the LHT model. Since the data on ε K puts the most stringent constraint on many extensions of the SM [32] , in particular on RS models [33, 34, 43] , we focus on the fine-tuning required to fit these data. In order to allow for an easy comparison with the results obtained in the RS model with custodial protection [34] , also in the present LHT analysis we use the Barbieri-Giudice measure ∆ BG (O) of fine-tuning [74] which quantifies the sensitivity of a given observable O to small variations in the model parameters p j (j = 1, . . . , m). It is defined by
where the normalisation factor p j /O appears in order not to be sensitive to the absolute size of p j and O.
In Fig. 1 we show the measure ∆ BG (ε K ) as a function of ε K , normalised to the data and plotted on a logarithmic axis. To this end we fixed the NP scale f to 1 TeV, but did not impose any of the available flavour constraints. We observe that generally ε K generated by the LHT dynamics is by roughly two orders of magnitude too large. Interestingly, a similar result is found in the custodially protected RS model [33, 34, 43] which suffers from the presence of new chirally enhanced operators contributing to K 0 −K 0 mixing. While these operators are absent in the LHT model, the absence of an intrinsic flavour structure in this case leads to a similar phenomenological result.
The solid blue line shows the finetuning that is required on average as a function of ε K .
The difference between these two models becomes clearer when studying the fine-tuning ∆ BG (ε K ) needed to fit the data on ε K . While in the case of the custodially protected RS model the fine-tuning required on average increases quickly with decreasing ε K [34] , this increase is much slower in the LHT model, so that the fine-tuning necessary in order to fit the data on ε K is much smaller in the LHT model than in the RS model. In particular in the LHT model we observe an increased density of points around ε K ∼ (ε K ) exp with no significant fine-tuning. In order to quantify how much fine-tuning is needed to fulfil the experimental constraint on ε K , we show in Fig. 2 
those points that fulfil all ∆F = 2 constraints, in particular the ε K one. We observe that while certain regions of the LHT parameter space appear to be extremely fine-tuned, it is also possible to fulfil the existing constraints without large fine-tuning. In addition we notice that the required fine-tuning in ε K is essentially uncorrelated to large effects in rare kaon decays, such as K L → π 0 νν, so that large deviations from the SM in the latter are not necessarily fine-tuned. Rare decays in the kaon system represent privileged modes to search for NP, due to the strong CKM suppression present in the SM, which in NP models beyond MFV, like the LHT model, can be overcome by new sources of flavour violation. In Fig. 3 we show the correlation between Br(K + → π + νν) and Br(K L → π 0 νν) as obtained from the general scan over the LHT parameters. The experimental 1σ-range for Br(K + → π + νν) [75] and the model-independent Grossman-Nir (GN) bound [76] are also shown. We observe that the two branches of possible points observed in [31] are still present and that large The presence of the two branches is a remnant of the specific operator structure of the LHT model and has been analysed in a model-independent manner in [77] . Since in the custodially protected RS model in which new flavour violating operators are present, no visible correlation is observed, the K → πνν system offers a clean way to distinguish between these two models [35] . In Fig. 4 , the correlation between the branching ratios of the CP-violating decays K L → π 0 + − and K L → π 0 νν is shown. As in ref. [31] , we find a strong correlation between the K L → π 0 + − and K L → π 0 νν decays, which is expected to be valid also beyond the LHT model, at least in models in which no scalar operators contribute to
In particular the observed correlation has also been found in the RS model with custodial protection [35] . The enhancement of Br(K L → π 0 + − ) in the LHT model with respect to the SM can be large, though smaller by approximately a factor of two than our finding in [31] . Values as high as Br(
and Br(K L → π 0 e + e − ) = 5 · 10 −11 are allowed, but values larger than 1.7 · 10 −11 and 4.5 · 10 −11 , respectively, require some tuning of the LHT parameters. We note that a 
We point out here a further interesting correlation that is found in the LHT model between the branching ratios of the CP-conserving decays 
The parameter r is equal to unity in constrained MFV (CMFV) [1, 2, 87] models, i. e. in the absence of new sources of flavour violation and with only the SM operators present, whereas it can be generally different from unity. In Fig. 7 we show the ratio r as a function of the CP asymmetry S ψφ . We observe that r varies in the range 0.5 ≤ r ≤ 1.1, showing that visible deviations from the SM and CMFV prediction r = 1 are allowed. We also find that r < 1 is favoured over r > 1 and that the largest departures from CMFV are found for SM-like values of S ψφ . A further interesting question we want to address is whether large LHT effects can be simultaneously found in the K and B d,s systems. We consider the very clean and NP sensitive observables Br(K L → π 0 νν) and S ψφ , whose correlation is shown in Fig. 8 .
From the clear pattern where two branches of points show up we learn that simultaneous deviations form the SM are unlikely but not impossible. A similar behaviour is found for the correlation between Br(K + → π + νν) and S ψφ .
In Fig. 9 we show the correlation between Br(B s → µ + µ − ) and Br(K + → π + νν).
A cross-like structure is also observed in this case, stemming again from the fact that 1 We note that a 2.2σ discrepancy with the SM prediction is obtained by the HFAG collaboration [63] . the T-odd sector is unlikely to yield sizable contributions to both decays simultaneously. Due to the T-even contribution, displayed by the light blue point in the plot, a ∼ 15% enhancement of Br(B s → µ + µ − ) with respect to the SM value can thus be expected in the LHT model if Br(K + → π + νν) deviates significantly from the SM.
Finally in Fig. 10 we show the ratio of sin 2β extracted from the K → πνν decays and from the mixing induced CP-asymmetry in B d → ψK S . In the SM and in MFV models this ratio equals unity [88, 89] , but as seen in Fig. 10 the presence of non-MFV interactions in the LHT model allows for values different from unity, in particular if S ψφ is SM-like.
Results for LFV Decays
Among the LFV decays that we studied in [48] , those that receive contributions from the Z 0 -penguin and thus require to be reanalysed with the inclusion of the O(v 2 /f 2 ) term,
) and the µ − e conversion rate in nuclei. We present here the expectations for these observables in the LHT model, pointing out whether the upper bounds turn out to be modified with respect to [48] .
In Fig. 11 we show the correlation between Br(µ → eγ) and Br(µ
together with the experimental bounds on these decays. We observe that the inclusion of the previously left out O(v 2 /f 2 ) contribution does not spoil the two main results.
First, the great majority of points is outside the experimentally allowed range shown by the light grey area, which is even more obvious when considering the present density plot. This implies, in agreement with the findings in [55] , that the V H matrix must be much more hierarchical than V PMNS in order to satisfy the present upper bounds and Br(µ − → e − e + e − ) is observed, stemming from the common combination of V H elements involved in these two decays. We emphasise that the strong correlation between Br(µ → eγ) and Br(µ − → e − e + e − ) in the LHT model is not a common feature of all extensions of the SM in which the structure of µ − → e − e + e − is generally much more complicated than in the LHT model. In particular the LHT structure differs significantly from models like the MSSM in which the dipole operator, displayed by the blue line, yields the dominant contribution to Br(µ − → e − e + e − ) [90, 91] . It is clear from Fig. 11 that an improved upper bound on µ → eγ, which should be available from the MEG experiment in the next years (shown by the dark grey area in Fig. 11 ), and in particular its discovery will provide important information on µ − → e − e + e − within the model in question. Next in Fig. 12 we show the µ → e conversion rate in titanium (Ti), as a function of Br(µ → eγ). We observe that the correlation between these two modes is much weaker than the one between µ → eγ and µ − → e − e + e − . Consequently, the ratio of these two rates may again differ significantly from the prediction obtained in models where the dipole operator is dominant. Such a distinction is however not possible for some regions of the LHT parameter space, where the a priori dominant Z 0 -penguin and box contributions cancel due to a destructive interference in R(µTi → eTi).
In order to quantify how naturally a suppression of the µ → eγ decay rate below the present experimental bounds can be obtained, we consider how much fine-tuning is necessary to fulfil this bound. In Fig. 13 we show ∆ BG (µ → eγ) as a function of Br(µ → eγ). We observe that for values of Br(µ → eγ) ∼ > 10 −10 that are already excluded by the data, the fine-tuning is generally small, ∆ BG (µ → eγ) < 25. While with decreasing Br(µ → eγ) large fine-tuning can be found, even for Br(µ → eγ) ∼ < 10 −11 , in agreement with the present experimental bound, a significant number of parameter points exist that are not subject to relevant fine-tuning. The situation will however change drastically if the MEG experiment pushes the bound on Br(µ → eγ) further down to ∼ 10 −13 . We can see that only very specific LHT parameter points predict such small LFV effects in µ → e transitions, so that the LHT model without any additional flavour symmetries would then be in difficulties to accommodate the data.
In Fig. 14 we show Br(τ → µπ) as a function of Br(τ → µγ), imposing the constraints from µ → eγ and µ − → e − e + e − . We find that Br(τ → µπ) can be as large as 4 · 10
which is smaller than the upper bound in [48] by approximately a factor of five. Similarly, the inclusion of the O(v 2 /f 2 ) term reduces the LHT upper bound for Br(τ → µη) and Br(τ → µη ) by about a factor of five which now turn out to be ∼ < 2·10 −10 and < ∼ 1·10 −10 , respectively. Completely analogous upper bounds and correlations can be found also for the decays τ → eπ, eη, eη and τ → eγ.
In Table 2 we collect the LHT upper bounds obtained for the analysed τ decay branching ratios, together with the corresponding expected sensitivities of a SuperB factory [92] . For completeness we also include the branching ratios that are unaffected by the Z 0 -penguin contribution. As in [48] , we give these bounds both for f = 1000 GeV and f = 500 GeV, in order to see the strong dependence on the scale f . We caution the reader that the bounds have been obtained from scattering over the allowed parameter space of the model and that no confidence level should be assigned to them. Table 2 : Upper bounds on LFV τ decay branching ratios in the LHT model, for two different values of the scale f , after imposing the constraints on µ → eγ and µ − → e − e + e − . Including also the constraint R(µTi → eTi) < 5 · 10 −12 does not affect the obtained bounds. The expected SuperB sensitivities are also given where available [92] .
We first observe that the branching ratios for LFV τ decays with three leptons in the final state are lowered by almost an order of magnitude once the UV-cutoff dependence is cancelled. In spite of this quantitative difference, the property that the upper bounds on τ decays, except for τ − → µ − e + µ − and τ − → e − µ + e − , increase by almost two orders of magnitude when lowering the scale f down to 500 GeV, is not spoilt by the inclusion of the missing O(v 2 /f 2 ) term. Moreover, as already found in [48] , the bounds on τ − → µ − e + µ − and τ − → e − µ + e − are quite independent of the value of f , due to the fact that the present lepton constraints are only effective for µ → e transitions. Comparing the bounds obtained in the LHT model with the expected SuperB sensitivities, we observe that LFV effects induced by the LHT model can be observed at a SuperB facility provided the NP scale is small, f < 1 TeV. We now discuss the correlations between various branching ratios that have been pointed out in Section 13 of [48] as powerful observables in providing a clear signature of the LHT model. A general advantage of studying correlations is that they are less parameter-dependent than individual branching ratios. For the correlations in question it has also been found [48] that in the LHT model they present a pattern that differs H contributions to the dipole operator functions, but constructively in Z 0 -penguin and box contributions. In addition, the GIM mechanism is violated only logarithmically in the case of the dipole contribution, while quadratically in the case of Z 0 -penguin and box contributions. As seen in Fig. 11 where the dipole contribution is represented by the solid blue line, this pattern is still valid once the O(v 2 /f 2 ) term is included in the Z 0 -penguin. A further difference is that the large tan β enhancement of dipole operators characteristic for the MSSM [93] is absent in the LHT model. The ranges found for these ratios in the LHT model (for f = 1 TeV) once the UVcutoff dependence is cancelled, are compared with the corresponding values in the MSSM in Table 3 , both in the case of dipole dominance and significant Higgs contributions. We observe that the allowed ranges for the correlations in the LHT model shown in the first five lines of Table 3 turn out to be of the same order of magnitude but smaller than in [48] . It is important to stress that the measurement of these quantities could still allow for a clear distinction of the LHT model from the MSSM. We note that the obtained ranges depend only weakly on the scale f , so that a distinction along these lines is possible for any value of f .
Conclusions
We have presented an update of our 2006-2007 results for FCNC processes in the LHT model, including the previously missed O(v 2 /f 2 ) contribution to Z 0 -penguin diagrams and updating some theoretical and experimental inputs. We have identified the most evident LHT effects in both the quark and lepton sectors and pointed out the decay channels that could allow for a clear distinction from other NP models. The main results of this analysis are summarised below. While the data on ε K provide a stringent constraint on the LHT parameter space, much less fine-tuning is needed to fulfil this constraint than in the RS model with custodial protection.
In the kaon system large enhancements of the branching ratios Br(K L → π 0 νν) ,
and Br(K L → π 0 + − ) with respect to the SM predictions are possible.
Though the removal of the divergence reduces these enhancements by approximately a factor of two, the strong correlations among them are not modified and provide a useful tool to distinguish the LHT model from other NP scenarios. Another interesting LHT correlation, which we have studied here for the first time, is between Br(
and Br(K L → µ + µ − ), pointing out that it is opposite and therefore distinguishable from the correlation predicted in the custodially protected RS model. Moreover, Br(K L → µ + µ − ) SD in the LHT model can be as large as 2.5 · 10 −9 , that is much larger than the SM prediction. In the B system, the most interesting observable at present is the phase of B 0 s −B 0 s mixing. We have therefore updated the LHT prediction for the CP-asymmetry S ψφ , though it is not affected by the Z 0 -penguin contribution omitted in our previous analysis.
We find that S ψφ can vary in the range [−0.4, +0.5], so that the measured deviation from the SM can be explained in the LHT model, though with some tuning of the parameters, while larger values can be easily obtained in the RS model. In the lepton sector we find that the inclusion of the previously left-
contribution does not spoil two important results, namely the requirement of a highly hierarchical V H matrix in order to satisfy the present upper bounds on µ → eγ and µ − → e − e + e − and the strong correlation between the branching ratios of these two decays. Here we have also studied the fine-tuning required in the model in order to satisfy the present experimental bound on Br(µ → eγ), finding that it is not relevant but that it would become important if the MEG experiment pushes the bound further down to ∼ 10 −13 . The inclusion of the O(v 2 /f 2 ) term turns out to reduce the LHT upper bounds for the branching ratios of the decays τ → µ(e)π, τ → µ(e)η, τ → µ(e)η by approximately a factor of five, whose enhancements with respect to the SM are nevertheless large and could be visible at a SuperB factory. Similarly, the branching ratios for LFV τ decays with three leptons in the final state are lowered by almost an order of magnitude once the UV-cutoff dependence is cancelled, but are still large enough to be observed at a SuperB facility provided the NP scale is small enough, f < 1 TeV. An important feature that is not affected by the removal of the UV-cutoff dependence is the dominance of Z 0 -penguin and box diagram contributions relative to the dipole contributions in the decays k . This LHT feature, being in contrast to the MSSM dipole dominance, allows for a distinction between these two models, in particular when looking at the ratios collected in Table 3 .
A.2 Feynman Rules
Below we list those LHT Feynman rules that have to be modified with respect to [31] .
The inclusion of the v 2 /f 2 correction to the Z L and W L couplings of mirror fermions pointed out in [54, 55] leads to the following modifications:
The adaptation of the U (1) i charges of leptons to the ones used in [54] leads to the following Feynman rules for Z H and A H couplings to leptons:
Finally the following typos occurred in the rules of [31] :
• The PMNS matrix has to be replaced by its hermitian conjugate at all occurrences.
• The overall sign of the triple gauge boson vertices has to be reversed.
[ 
